Introduction
============

Decreased physical activity (PA) is associated with increased risk of noncommunicable diseases \[[@ref1]-[@ref3]\] and is responsible for approximately 9% of premature mortality \[[@ref4]\]. Worldwide PA deficits \[[@ref2],[@ref5]-[@ref7]\] and inequalities between countries regarding PA levels \[[@ref8]\] require effective counteractive strategies, especially in populations at risk such as people with overweight and obesity. For example, evidence \[[@ref9],[@ref10]\] suggests that low levels of PA initiated in childhood and perpetuated in adulthood set up adults with overweight and obesity for an increased array of comorbidities during their life span \[[@ref11]\]. Best-practice early interventions should be both feasible and evidence based. Walking is a basic human movement pattern that is practical, cost-effective, and does not require complex movement skills. Thus, focusing on ambulatory activity could be the most accessible strategy to increase PA levels in children with overweight and obesity \[[@ref12]\] who do not engage frequently in sports \[[@ref13]\] and present poorer movement skills than normal-weight children \[[@ref14]\]. However, there is still a need to investigate how much ambulatory activity is performed by children with overweight and obesity, as proportion of total PA level, in order to determine its utility as a public health strategy. Information on what type of PA children with overweight and obesity are more likely to perform could help to plan more effective public health strategies, since intervening on a behavior that is frequently occurring (eg, walking) would have a greater impact than generating a new behavior.

The ability to study health-related influences of PA has advanced in parallel with the increased use of accelerometer-based wearable technologies \[[@ref15]\]. Accelerometers are capable of detecting human movement, but are primarily sensitive to ambulatory activity, the most common form of PA performed by adults \[[@ref16],[@ref17]\]. However, children's movement patterns may be more variable and less is known about how predominant ambulatory activity, primarily walking, is relative to other types of PA behaviors. Time-stamped accelerometers are capable of detecting step-based metrics, including a tally of step accumulation over the day (ie, volume \[steps/day\]), the time spent in incremental cadence bands (eg, time spent walking at 80-99 steps/min), and/or peak 1-minute, 30-minute, and 60-minute cadence indices (ie, average steps/min of the highest 1, 30, or 60 nonconsecutive minutes in a day, respectively) \[[@ref18]-[@ref20]\]. Collectively, these metrics are referred to hereafter as step-based metrics.

Therefore, this study aimed to (1) investigate the proportion of overall PA that is explained by ambulatory activity (ie, step-based metrics) in children with overweight and obesity and (2) study step-based patterns relative to PA guidelines achievement in children with overweight and obesity.

Methods
=======

Study Design and Participants
-----------------------------

This cross-sectional analysis included data collected during the baseline assessment of the ActiveBrains project \[[@ref21]\]. A detailed description of the study design, inclusion criteria, and methods have been published elsewhere \[[@ref22]\]. Briefly, ActiveBrains is a randomized controlled trial intended to examine the effect of a 20-week PA intervention on brain structure, brain function, cognitive performance, academic achievement, and physical and mental health outcomes in children with overweight and obesity \[[@ref22]\]. A total of 110 children (8.5-11 years old) with overweight and obesity, defined according to the World Obesity Federation cut points \[[@ref23],[@ref24]\], were recruited from Granada, Spain. Data were collected from November 2014 to February 2016. Parents or legal guardians were informed of the purpose of the study and written informed parental consent was obtained. The ActiveBrains project was approved by the Human Research Ethics Committee of the University of Granada and was registered as a clinical trial at ClinicalTrials.gov (NCT02295072).

Procedures
----------

As part of the protocol of the ActiveBrains project \[[@ref22]\], body weight and height were measured to the nearest 0.1 kg and 0.1 cm using a seca 861 electronic scale (seca gmbh & co kg) and a seca 225 precision stadiometer (seca gmbh & co kg), respectively. BMI (kg/m^2^) was then calculated. Overweight and obesity were classified based on the cutoffs of the World Obesity Federation \[[@ref23]\].

Participants' overall PA and step-based metrics were measured with a GT3X+ accelerometer (ActiGraph) worn on their right hip for 7 complete days (24-hour wear-time protocol). Participants were encouraged to wear the accelerometers as many hours as possible and only remove them for water activities (ie, shower or swimming). Concurrently, participants logged the time they went to bed and woke up in a diary for the entire 7 days. All participants with at least 4 days, including 1 weekend day, with 16 hours or more of accelerometer wear time were included in the analyses (N=105).

Data Reduction
--------------

Raw .gt3x files (100 Hz) were loaded and processed with the ActiLife software (ActiGraph) to obtain activity counts (ie, metric intended to capture body movement), accumulated in the vertical axis over 15-second epochs, and steps accumulation over 60-second epochs using the default filter developed by ActiGraph. Nonwear time was detected based on the raw acceleration values of the three axes using a previously published algorithm \[[@ref25]\]. Briefly, each 15-minute block was classified as nonwear time if the standard deviation of two out of the three axes was lower than 13 mg during the surrounding 60-minute moving window, or if the mean acceleration for two out of the three axes was lower than 50 mg. Likewise, sustained abnormally high accelerations (ie, higher than 5.5 g; assumed to be related to device malfunction) were detected and labelled as nonwear time. The identified nonwear time, including sustained abnormally high accelerations, was imputed with the mean acceleration value for the corresponding time period over the remaining days of recording. Sleeping hours were identified using an automated algorithm guided by participants' logged times \[[@ref26]\] and excluded from analyses. Nonwear time and sleeping hours identification were performed using functions included in the R package GGIR (The R Foundation) \[[@ref25],[@ref27]\].

Each 15-second epoch was classified into sedentary time or time at different PA intensities using the activity-count cut points developed by Evenson et al \[[@ref28]\]. Specifically, these were as follows: sedentary time (≤25 counts/15 sec), light intensity (26-573 counts/15 sec), moderate intensity (574-1002 counts/15 sec), and vigorous intensity (≥1003 counts/15 sec). Daily average acceleration (counts/15 sec), time spent at light-moderate-vigorous PA (LMVPA; \>25 counts/15 sec), and time spent at moderate-to-vigorous PA (MVPA) intensity (\>573 counts/15 sec) were included in the analyses as indicators of overall PA. Daily average acceleration (counts/15 sec) and MVPA are indicators commonly used to represent overall PA \[[@ref29]-[@ref31]\]. LMVPA was also included following the recommendations of the 2018 Physical Activity Guidelines Advisory Committee Scientific Report, which acknowledge the importance of any kind of PA for health \[[@ref32]\]. Furthermore, light PA could be a stimulus worthy to consider in children with overweight and obesity since they usually engage in insufficient MVPA.

Total ambulatory activity volume was derived as the number of steps per day. Furthermore, ambulatory activity cadence patterns were estimated as described previously for adults \[[@ref33]\] and children \[[@ref19]\]. Briefly, cadences were organized into bands of approximately 20 steps per minute increments. These cadence bands have been previously associated with the following behavioral descriptors: incidental movement (1-19 steps/min), sporadic movement (20-39 steps/min), purposeful movement (40-59 steps/min), slow walking (60-79 steps/min), medium walking (80-99 steps/min), brisk walking (100-119 steps/min), and faster walking (≥120 steps/min). Time spent in each one of these bands, as well as time at zero cadence (TZC), were computed. In addition, the peak 60-minute, peak 30-minute, and peak 1-minute cadences were computed by rank-ordering each participants' data for each day and then computing the average steps per minute for the top 60, 30, and 1 minute, respectively. The ActiGraph GT3X+ accelerometer has been demonstrated to be valid for counting steps \[[@ref34],[@ref35]\] and its identified cadence bands have been used to describe cadence patterns in large cohorts \[[@ref19]\]. Mean daily counts per 15 seconds, sedentary time, and time-based and step-based metrics were then calculated as follows:

(mean of available weekdays × 5) + (mean of available weekend days × 2) / 7

Data Analyses
-------------

Descriptive characteristics of participants were presented as means and SD. We used simple linear regression models to study the proportion of overall PA indicators explained by each step-based metric, and stepwise regression models to study the proportion explained by using several step-based metrics as predictors. First, the variable that explained the highest proportion of the outcome variance was introduced. Then, those variables that significantly increased the proportion of variance explained were introduced. If any of the variables presented a variance inflation factor above 7, it was excluded from the model. TZC was not included in these models since it represents inactivity. In addition, we identified those participants who achieved the World Health Organization PA recommendations for this age group \[[@ref36]\] (ie, at least 60 min/day of MVPA). Two-sample *t* tests were then used to compare time spent in different cadence bands; the peak 60-minute, the peak 30-minute, and the peak 1-minute cadences of children who accomplished the PA recommendations were also compared, using two-sample *t* tests, with their peers who did not. All analyses were performed in R \[[@ref37]\]. The significance level was set at *P*\<.05.

Results
=======

Descriptive Characteristics
---------------------------

[Table 1](#table1){ref-type="table"} presents anthropometric characteristics; sedentary time; light, moderate, and vigorous PA; as well as step-based metrics for all participants stratified by sex.

[Multimedia Appendix 1](#app1){ref-type="supplementary-material"} (Table A1) shows the same descriptive characteristics stratified by weight status group (ie, overweight, mild obesity, severe obesity, and morbid obesity).

###### 

Anthropometry, sedentary time, time-based physical activity (PA) metrics, and step-based metrics of overweight and obese children.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic                                        All participants (N=105), mean (SD)   Boys (n=62), mean (SD)   Girls (n=43), mean (SD)   
  ----------------------------------------------------- ------------------------------------- ------------------------ ------------------------- -----------------
  Age (years)                                           10.1 (1.1)                            10.2 (1.2)               9.9 (1.1)                 

  **Anthropometry**                                     \                                     \                        \                         

  \                                                     Weight (kg)                           56.6 (11.1)              57.4 (11.1)               55.4 (11.1)

  \                                                     Height (cm)                           144.4 (8.3)              145.0 (7.8)               143.6 (8.9)

                                                        BMI (z-score)                         3.03 (0.87)              3.19 (0.97)               2.81 (0.64)

  **Awake and wear time (min/day)**                     \                                     \                        \                         

  \                                                     Awake time                            919.6 (31.5)             921.3 (28.7)              917.0 (35.2)

  \                                                     Wear time during waking               903.1 (35.3)             905.1 (32.7)              900.4 (39.0)

  **Sedentary time and PA intensities (min/day)**                                                                                                

  \                                                     Sedentary time                        600.8 (69.6)             593.6 (69.1)              611.1 (69.9)

  \                                                     Light-intensity PA                    273.2 (51.7)             276.4 (51.2)              268.5 (52.5)

  \                                                     Moderate-intensity PA                 34.0 (11.6)              37.9 (12.4)               28.2 (7.4)

  \                                                     Vigorous-intensity PA                 10.7 (6.7)               12.3 (7.5)                8.3 (4.4)

  \                                                     Moderate-to-vigorous PA               44.7 (16.8)              50.3 (18.2)               36.6 (10.3)

  **Step-based metrics**                                \                                     \                        \                         

  \                                                     Volume (steps/day)                    8676.8 (2202.9)          9257.6 (2431.9)           7836.9 (1485.4)

  \                                                     Peak 60-minute cadence (steps/min)    63.7 (13.6)              66.3 (14.4)               59.8 (11.4)

  \                                                     Peak 30-minute cadence (steps/min)    78.0 (14.5)              79.7 (15.2)               75.4 (13.2)

  \                                                     Peak 1-minute cadence (steps/min)     111.5 (13.3)             111.2 (13.3)              111.8 (13.3)

  **Time spent at different cadence bands (min/day)**   \                                     \                        \                         

  \                                                     0 steps/minute                        346.6 (78.1)             343.0 (79.5)              351.7 (76.7)

  \                                                     1-19 steps/minute                     439.0 (63.4)             434.9 (62.2)              444.8 (65.4)

  \                                                     20-39 steps/minute                    71.9 (18.2)              73.5 (19.1)               69.7 (16.8)

  \                                                     40-59 steps/minute                    27.5 (9.2)               30.3 (9.8)                23.6 (6.6)

  \                                                     60-79 steps/minute                    15.9 (7.9)               18.6 (8.5)                12.0 (4.6)

  \                                                     80-99 steps/minute                    10.2 (6.2)               11.8 (7.0)                8.0 (3.8)

  \                                                     100-119 steps/minute                  6.6 (6.0)                7.4 (7.0)                 5.5 (4.0)

                                                        ≥120 steps/minute                     1.6 (2.6)                1.8 (2.7)                 1.3 (2.3)
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------

Proportion of Total Physical Activity Explained by Step-Based Metrics
---------------------------------------------------------------------

[Figure 1](#figure1){ref-type="fig"} depicts the proportion of variance in indicators of overall PA (ie, counts/15 sec, LMVPA, and MVPA) that each step-based metric explained (*r*^2^) in separate linear regression models (ie, simple linear regression with each step-based metric as predictor and overall PA metric as outcome). Among the step-based metrics, steps per day explained the highest proportion of counts per 15 seconds and MVPA (66% and 74%, respectively), while time at 1-19 steps per minute explained the highest proportion of LMVPA (52%). Overall, peak cadence indicators explained a lower proportion of the variance than steps per day in overall PA indicators. Likewise, the shorter the time intervals used to calculate the specific peak cadence indicator, the lower the explanation capacity of the metric, which is to be expected given the shorter time frame represented (ie, 60 min \> 30 min \> 1 min).

![Proportion of variance (*r*^2^) in overall physical activity indicators, which is explained independently by each step-based metric. LMVPA: light-moderate-vigorous physical activity; MVPA: moderate-to-vigorous physical activity.](mhealth_v8i4e14841_fig1){#figure1}

![Proportion of variance (*r*^2^) in overall physical activity (PA) indicators (ie, counts/15 sec, light-moderate-vigorous PA \[LMVPA\], and moderate-to-vigorous PA \[MVPA\]), which is explained by a combination of step-based metrics, calculated using stepwise linear regressions. All predictors presented variance inflation factors of \<6 in the selected models.](mhealth_v8i4e14841_fig2){#figure2}

Cadence Patterns According to Physical Activity Guidelines
----------------------------------------------------------

Out of the 105 children, 20 (19.0%) achieved the recommended amount of MVPA (ie, ≥60 min/day). Children who performed less than 60 minutes per day of MVPA also had significantly higher values for TZC (*P*=.004) and less time in cadence bands from 20 to 120 steps per minute, compared with those who performed 60 minutes per day or more of MVPA (all *P*\<.02) (see [Figure 3](#figure3){ref-type="fig"}). Likewise, peak 60-minute, peak 30-minute, and peak 1-minute cadences were higher in children who achieved the 60 minutes per day of MVPA.

Specifically, participants had to walk around 11,000 steps per day to achieve the recommended dose of MVPA (see [Figure 4](#figure4){ref-type="fig"}, panel A). Likewise, they had to spend 105 minutes per day walking at 20-39 steps per minute, 40 minutes per day at 40-59 steps per minute, 25 minutes per day at 60-79 steps per minute, 19 minutes per day at 80-99 steps per minute, 18 minutes per day at 100-119 steps per minute, or 10 minutes per day at or above 120 steps per minute (see [Figure 4](#figure4){ref-type="fig"}, panel B). Finally, their peak cadences had to be higher than 140 steps per minute for peak 1-minute cadence, 100 steps per minute for peak 30-minute cadence, or 80 steps per minute for peak 60-minute cadence (see [Figure 4](#figure4){ref-type="fig"}, panel C).

![Time spent in each cadence band (panel A) and peak cadences (panel B) across children meeting or not meeting the physical activity guidelines (ie, ≥60 minutes of MVPA/day). Error bars represent SDs. MVPA: moderate-to-vigorous physical activity.](mhealth_v8i4e14841_fig3){#figure3}

![Linear regression line, with 95% CI (shaded areas), for the association between moderate-to-vigorous physical activity (MVPA) and step-based metrics: step volume (panel A), cadence bands (panel B), and peak cadences (panel C). PA: physical activity.](mhealth_v8i4e14841_fig4){#figure4}

Discussion
==========

The main findings of this study are as follows:

1.  Steps per day and the 1-19 steps per minute cadence band explained the greatest amount of overall PA (ie, counts/15 sec, 66%; LMVPA, 52%; and MVPA, 74%) in children with overweight and obesity. The proportion of variance explained was further improved---by up to 77%-92%---by adding other step-based metrics to the models.

2.  Cadence-based step patterns significantly differed between those children with overweight and obesity who achieved the PA recommendations compared with those who did not. Together, these findings seem to point out ambulatory activity as a major source of PA in children with overweight and obesity, as it has been previously reported in adults \[[@ref16],[@ref17]\].

Further studies with larger and more representative samples should corroborate this finding. This finding can be leveraged to design appropriate PA interventions (ie, by investigating the amount of walking at a certain intensity needed to meet PA recommendations) as a strategy to lower lifespan health risks in this vulnerable population.

Steps per day and the 1-19 steps per minute cadence band were the best explanatory factors of overall PA. Specifically, more than half of the variation in overall PA could be explained by either steps per day or the 1-19 steps per minute cadence band in children with overweight and obesity, depending on the overall PA indicator regressed (ie, 66% for counts/15 sec \[steps/day\], 52% for LMVPA \[1-19 steps/min\], and 74% for MVPA \[steps/day\]). Furthermore, all of the stepwise models included steps per day to estimate either counts per 15 seconds, LMVPA, or MVPA. Accordingly, our sample was active for 5.3 hours per day (ie, LMVPA), during which time they spent around 2.2 hours per day in ambulatory activity (ie, from sporadic movement to faster cadences). This presumes around 40% of the time spent was in LMVPA, which is similar to the estimation obtained to predict LMVPA from steps per day (ie, 40%).

However, steps per day was not the only important factor in the prediction of overall PA indicators. Information regarding step accumulation pattern increased the prediction capacity up to 80%, 92%, and 77%, for counts per 15 seconds, LMVPA, and MVPA, respectively. These findings support the concept of also considering stepping rate, which has been associated with health-related intensity levels in children \[[@ref20]\] in addition to steps per day. The fact that the explanation of the variability of LMVPA increased substantially (ie, from 40% to 92%) by including more metrics in the stepwise models is noteworthy. This suggests that considering both steps per day and certain cadence bands we can explain around 90% of their active minutes. However, the explanation of the variability of MVPA only increased from 74% to 77%, which means that almost all information on MVPA is already provided by steps per day. Together, it seems clear that step-based metrics are more powerful in explaining light-intensity PA than higher intensities.

To this end, Tudor-Locke et al found that walking at 115 steps per minute requires an energy expenditure of approximately 4 metabolic equivalents (ie, moderate PA intensity for children) in 9-11-year-old children, measured while walking on a treadmill \[[@ref38]\]. However, the cadence-intensity relationship observed under laboratory-controlled conditions may not be generalizable to free-living data from children with overweight and obesity. Likewise, caution is advised since measurement tools differed between studies (ie, direct observation vs accelerometers). We observed around 34 minutes per day classified as moderate PA intensity by Evenson et al cut points \[[@ref28]\] and, in turn, around only 2 minutes per day (SD 3) accumulated at a cadence of more than 115 steps per minute, which is indicative of MVPA intensity in this age group as measured in lab conditions \[[@ref38]\]. A source for this difference could be the epoch length used to derive moderate intensity \[[@ref39]\] (ie, 15 sec for Evenson et al cut points and 60 sec for time spent above 100 steps/min). Estimations based on Evenson cut points could be able to capture short bouts of moderate PA up to 15 seconds, while step-based estimations of moderate PA are limited to those bouts lasting at least 1 minute. We decided to use 60-second epochs for cadence to maintain consistency with previous studies, to ease comparability of findings and because there are no studies examining the cadence measured in 15-second epochs and intensity to date, making it more difficult to interpret the findings. It could be also argued that most of the moderate PA performed by our sample was not related to ambulatory activity, which seems unlikely because step-based metrics explained almost 80% of the variance in MVPA. We must also acknowledge that metabolic intensity is indirectly inferred from detected movement signals and is not a clear indicator of metabolic cost, so there are likely to be measurement differences attributable to differential definitions. Therefore, further research is needed to understand how free-living cadence bands relate to energy expenditure and accelerometer signals.

Peak cadence indices and cadence bands have been previously used as proxy indicators for ambulatory activity intensity and pattern, respectively, in children \[[@ref19]\] and adults \[[@ref33],[@ref40]\]. In congruence with Barreira et al \[[@ref19]\], we found that most of the day was spent in low intensity or sedentary behaviors. Specifically, we found around 10 hours per day of sedentary time using Evenson et al \[[@ref28]\] cut points or, in regard to step-based metrics, a TZC value of 5.8 hours per day and 7.3 hours per day in incidental movements (1-19 steps/min). Barreira et al reported similar step accumulation patterns in 6-11-year-old children from the US National Health and Nutrition Examination Survey (NHANES 2005-2006). Notably, only 38% of the NHANES population−based sample were overweight and obese \[[@ref19]\]. In contrast, our sample of children who were overweight and obese accumulated more TZC, as well as time in incidental movements (1-19 steps/min), and less time in cadence bands, from sporadic movement to faster walking (20-120 steps/min). Likewise, differences in accelerometer models, study design, and socioenvironmental context should be considered when comparing these studies.

According to the Evenson et al cut-points definition of MVPA \[[@ref28]\], 20 children out of 105 (19.0%) from our sample met the PA recommendation of at least 60 minutes per day of MVPA \[[@ref36]\]. This finding should be interpreted with caution since quantification of time-based PA with accelerometers is notoriously challenging and is dependent on a variety of data collection and processing decisions \[[@ref39]\], including those related to selecting appropriate analytical cut points \[[@ref41]\]. We have previously reported that changing cut points can derive extremely different estimations of the proportion of children meeting PA recommendations in this sample \[[@ref41]\]. It is also important to consider that PA recommendations are mainly based on self-reported data, which could bias interpretation over objective data. Additionally, when compared to normative values from NHANES 2005-2006 \[[@ref42]\], our sample can be considered *below average* for steps per day for 8-9-year-old children (ie, 7647-9398 steps/day) or *average* for 10-11-year-olds (ie, 8504-10,066 steps/day). Likewise, our sample presented *below average* values for peak 60-minute cadence (ie, 62-71 steps/min). Nevertheless, a large proportion of the count-based MVPA performed was related to step-based metrics, which suggests that limited ambulatory behaviors could be responsible for the low prevalence of children meeting the PA recommendations. Furthermore, we found significant differences in ambulatory activity intensity (ie, time spent in almost every band cadence was significantly different) between those who met and those who did not meet the PA recommendations. Specifically, children who met the recommendations spent around 55 minutes per day less in TZC, 17 minutes per day more in sporadic movement (ie, 20-39 steps/min), 14 minutes per day more in purposeful movement (ie, 40-59 steps/min), 13 minutes per day more in slow walking (ie, 60-79 steps/min), 8 minutes per day more in medium walking (ie, 80-99 steps/min), and 5 minutes per day more in brisk walking (ie, 100-119 steps/min). Additionally, peak 1-minute, 30-minute, and 60-minute cadences seem to be able to discern between children achieving or not achieving the recommended dose of MVPA per day (ie, 60 min/day).

Findings of this study have several practical implications to consider. Two examples are as follows:

1.  As a large proportion of overall PA identified by accelerometers is explained by step-based metrics in children with overweight and obesity, these measures could be used to describe and compare PA patterns in this population.

2.  It could be assumed that increasing ambulatory activity volume and intensity is a feasible form of PA that can increase the chances of meeting PA recommendations in this population. This is especially important to consider as ambulatory activity is a feasible PA strategy that may lead to several health benefits (eg, improved body composition and mental health) in children with overweight and obesity \[[@ref43]-[@ref45]\]. Notably, walking does not require complex movement skills, so it can be performed by most populations, including children with overweight and obesity who frequently do not engage in sports because of their low physical competence \[[@ref14]\].

Several limitations should be acknowledged. First and foremost, accelerometer measurements of PA are influenced by a variety of data collection and processing decisions \[[@ref39]\]. This means that it cannot be considered a gold standard for overall PA measurement and that changes in the quantification of PA could change the findings observed in this study. However, we were as consistent as possible regarding the measurement of both overall PA and step-based metrics. Both outcomes come from the same hip-worn accelerometer, and cut points used are based on the vertical axis acceleration, which is consistent with the ActiGraph procedures to detect steps. This would reduce the methodological inconsistencies between the overall PA and the step-based metrics estimations, which, in turn, can be considered as a strength of this study. Note that epoch length discrepancies between count-based and step-based metrics may be partially responsible for the differences observed. However, our findings should be interpreted with caution since overall PA refers to accelerometer-determined PA, which is not a gold standard and could ignore certain activities such as swimming. Note that step-based metrics derived from pedometers could vary the findings from this study and their relationship with overall PA should be investigated. Likewise, another strength to highlight is that we are focusing on a population who may benefit greatly from increases in ambulatory activity; for example, this study demonstrates that they could have substantially increased chances of meeting PA recommendations by only focusing on ambulatory activity.

In conclusion, step-based metrics including steps per day and various cadence-based intensity indicators seem to capture the majority of PA in children with overweight and obesity. Given that pedometers are more affordable than accelerometers, step-based metrics could be useful for discriminating between those children who do or do not achieve MVPA recommendations.
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